The internet has fostered widespread information transparency and a rapid rise in consumergenerated ratings. While these ratings, in the form of digital word-of-mouth, provide a potentially useful source of information to guide consumer decision making, they may be subject to bias. Notably controversial are online consumer ratings in healthcare services, where the consequences of poor information are substantial. Drawing on the quality transparency literature in healthcare and word-of-mouth, we examine the information value of online physician ratings.
A Digital Soapbox?
The Information Value of On-Line Physician Ratings
Introduction
In the past decade, the emergence of Web 2.0 technologies has fostered rapid growth of online ratings by consumers. While online reviews for consumer goods such as books and movies are well-known, online ratings are increasingly expanding to professional services such as car mechanics, lawyers, and physicians. Because consumers experience difficulty in ascertaining the utility or impact of these goods, the transaction between trading partners is typically characterized by significant information asymmetry and considerable risk for the buyer.
In such contexts, the availability of easy-to-access online consumer reviews should, in theory, create welfare for consumers by providing them with important information to guide decisionmaking. It is therefore not surprising that so-called "expert" services, which possess substantial experience and credence qualities, have been characterized as "natural candidates" for word-ofmouth (WOM) communication among consumers (Harrison-Walker 2001) .
Within the professional services spectrum, healthcare is experiencing striking growth in terms of online WOM, specifically, with regard to online ratings of physicians. Today, over forty online destinations, including Angie's List, healthgrades.com, RateMDs.com, Vitals.com, Yelp.com, and Zagat, offer opportunities for patients to rate physicians online. Patients have welcomed the growth of online physician ratings as a convenient source of information about physician quality. Even though there is scholarly evidence that not all physicians are equal and that quality is subject to significant variation (Gawande 2002) , to date, very little information about individual physician quality manages to make its way into the public domain. While much effort has been expended on improving healthcare quality transparency in institutions such as hospitals and nursing homes (Harris et al. 2008; Jha et al. 2005) , less has been done on the level of individual physicians. In the absence of other channels for discerning physician quality, online physician ratings are gaining popularity among patients. The public demand for this information is accelerating: a recent survey found that 61% of US adults have looked online for health information, with 24% of those consulting online rankings or reviews of physicians or other providers (Fox et al. 2009 ).
Despite the increasing popularity of online physician ratings among consumers, their emergence has generated debate and controversy. Most physicians are apprehensive about being rated online by patients (Levine 2009 ). In the United States, professional societies, such as the American Medical Association (AMA) and some state governments, have expressed concern that these ratings merely reflect unhappy patients' opinions and may ruin physicians' reputations, and physicians have even resorted to lawsuits against these rating websites (Solomon 2008) . When the National Health Service (NHS) in the United Kingdom enabled a physician rating function on an NHS-run website, it created significant disagreement and heated argument (Bacon 2009; McCartney 2009 ) regarding the veracity, effectiveness and content of these reviews.
Disagreement among policymakers, consumers, and physicians about online physician ratings centers on the question of their real value in informing patients about physician quality.
Although it may be a legitimate concern that such ratings are biased, and therefore might do more harm than good in terms of educating consumers, there exists limited empirical investigation, to date, of the information value of these ratings. This study seeks to fill this void, and provides one of the first analyses of the information value of online physician ratings.
Based on an extensive literature survey, we first identify two biases that online ratings might suffer from: selection of physicians to rate, and selection of opinions to express. We then construct a novel dataset, which combines physician characteristics, online ratings, and local demographic variables. Importantly, we match individual physician's online ratings to an extensive off-line patient survey that supports analyses comparing online reviews to offline population opinions. Our data set allows us to assess the presence and magnitude of the two selection biases while controlling for a robust set of confounding factors.
Our findings not only yield important implications for healthcare policy; they also contribute to the online word-of-mouth research discourse. Despite the broad availability of online reviews on almost every retail website, and growing evidence regarding the relationship between reviews and outcomes, we have surprisingly little knowledge about the nature of these reviews (Moe et al. 2010 ). This lack of understanding has resulted in a dearth of more sophisticated metrics that associate reviews with sales, of websites that can better facilitate knowledge sharing among consumers, and of systems to help firms manage online consumer reviews (Chen et al. 2005) . The insights generated from this study shed light on these important issues as well.
The rest of this paper proceeds as follows. We begin with a brief overview of two streams of literature that provide the foundation for the study: quality transparency in healthcare services, and online WOM. Section 3 builds upon these bodies of work and develops the research hypotheses. In Section 4 we describe the data and the empirical strategy, and present results and robustness checks. Section 5 discusses the implications of the findings and concludes the paper.
Background and Prior Literature
This study draws on two streams of prior work: quality transparency in healthcare, and online word-of-mouth. Research in the former stream exists across the economics, healthcare management and informatics, and information systems literatures, while the latter body of work is primarily in the marketing and, more recently, in the information systems literature.
Quality Transparency in Healthcare
Among the range of expert services that consumers utilize, such as lawyers, plumbers, and car mechanics, healthcare services is arguably a category where consumer choice may have life and death ramifications. To the degree that physicians serve as patients' agents, providing expert knowledge and judgment, choosing a good physician can have wide-reaching clinical implications. Because this decision is wholly up to the patient, transparent and accurate quality measures are crucial in selecting a health care provider. Quality measures may also affect healthcare providers by influencing their compensation and reputation. Challenges arise because physician quality is difficult for consumers to measure, as outcomes are uncertain, search is difficult, and consumers typically lack specialized clinical knowledge (Arrow 1963) .
Policymakers in the United States have been proactive about addressing consumers' need for quality information on healthcare services. For over two decades they have exhorted hospitals to become more transparent about their performance and to disclose quality information to patients. In the ongoing efforts to inform consumers, the federal government, under the auspices of the Centers for Medicare and Medicaid Services (CMS), the largest healthcare payer in the US, initiated the HospitalCompare program. This program provides consumers with a range of hospital performance metrics on a public website (http://www.hospitalcompare.hhs.gov).
A similar initiative for nursing homes supports comparative analysis of the quality of nursing services 1 and the Physician Quality Reporting System (PQRS) will eventually provide physician ratings 2 .
Although quality information about hospitals and nursing homes is doubtless useful for consumers, the utilization of these facilities is limited to less frequently occurring acute care needs or chronic and end-of-life situations. Overall, consumption of healthcare services occurs predominantly via consultations with a primary care physician. Yet, despite physicians' central role in health care delivery, consumers have limited access to systematic physician quality information (Christianson et al. 2010; Harris et al. 2008; Jha et al. 2006) . Traditionally, consumers have relied on word-of-mouth references from friends and family when choosing physicians.
In the absence of broadly available and easily accessible formal quality ratings of physicians, the internet has provided a forum for consumers to fill this information vacuum. As noted, online consumer ratings of physicians have rapidly grown. A recent study estimates that the number of ratings has an annual growth rate of over 90% in the past several year ). Nearly 60% of US adults have used online health information resources (Fox et al. 2009) -a three-fold increase from 2001 (LeGrow et al. 2001 . Furthermore, many consumers use online information to select physicians (Fox et al. 2009 ).
The concerns about such ratings voiced by professional medical organizations and other advocacy groups (Dolan 2008; Martin 2009) physician-patient encounter, consumer ratings may provide negligible or even misleading information. This assertion has not, however, been verified empirically and theory does not provide a clear answer to the question of information value. While recent studies find that online consumer ratings are predominantly positive Lagu et al. 2010) , we have limited understanding regarding the mechanisms through which online ratings occur, or the representativeness of these ratings. Understanding the mechanisms underlying the rating process is crucial to determining the meaning and value of online rating systems.
We build on this literature by combining online physician rating data with patient surveys conducted offline. These data are used to understand not only which physicians receive online ratings, but also the extent to which these ratings are representative of the average patient population.
Online Word-of-Mouth
Online reviews of products and services are part of the broader phenomenon of online word-of-mouth (WOM). WOM has a decades old tradition of being acknowledged as an important determinant of consumer choice (Arndt 1967; Bass 1969; Butler 1923; Katz et al. 1955 ). Consumers often ask friends and colleagues to recommend restaurants when they dine in unfamiliar areas and consult users of a product about their experience before buying a similar item. Until about ten years ago, WOM was, by its very nature, generally limited to individuals with close social connections (Brown et al. 1987 ) and/or close physical proximity. However, in recent years, the internet has enabled online communities of consumers to exchange experiences and opinions. As a result, the past decade has witnessed an increasing number of studies examining the phenomenon of online consumer reviews (Clemons et al. 2006; Dellarocas et al. 2004; Dellarocas et al. 2010; Duan et al. 2008; Godes et al. 2004; Li et al. 2008; Moe et al. 2010; Zhu et al. 2010) . Although a complete review of this literature is beyond the scope of this paper, we briefly summarize key findings and highlight gaps in understanding that our study seeks to address.
Two conclusions can be drawn from a review of the literature on digital WOM. First, we note that a majority of these studies focus on establishing the value proposition of digital WOM by relating consumer reviews to financial measures. In this work, consumer reviews have been examined from various perspectives, including the dispersion of WOM (Godes et al. 2004) , the distribution of the ratings (Clemons et al. 2006) , product segment (Dellarocas et al. 2010) , and consumer characteristics (Zhu et al. 2010) . As one example, a recent study by Chintagunta et al. (2010) investigates the effects of the valence, volume, and variance of national online user reviews on the box-office performance of feature films and find stronger effects for review valence rather than volume. All these studies have provided important insights into the relationship between online consumer reviews and sales, however, they have stopped short of investigating the value of the information in these ratings, which is the focus of this study.
Second, the majority of these studies have been conducted for consumer products such as TV shows (Godes et al. 2004) , books (Chevalier et al. 2006) , movies (Dellarocas et al. 2010; Duan et al. 2008) , games (Zhu et al. 2010 ) and beauty products (Moe et al. 2010) . Notably lacking are studies focused on consumer reviews for professional services, where there exists even greater information asymmetry on provider quality. Although healthcare is the biggest business sector of the US economy and accounts for 16% of the GDP, only a handful of studies have begun to explore this nascent phenomenon of physician online ratings Lagu et al. 2010) . The emphasis in this early work has been on understanding and describing an emerging trend, and these studies tend to be descriptive in nature. No work we are aware of has investigated the question of whether online reviews of physicians are subject to bias and undertaken systematic research to provide quantitative estimates of the bias.
Theory and Hypotheses

The Nature of Bias in Online Reviews
A distinctive feature of online ratings is that they are voluntarily posted by users, i.e., Moe and Trusov (2010) and Wang, Zhang, and Hann (2010) . Moe and Trusov argue that, via mechanisms related to social influence, the valence of previously posted ratings affects future ratings behavior, and that these ratings dynamics, in turn, influence sales. Wang, Zhang, and Hann (2010) posit that the social pressure experienced by raters from their online "friends" affects ratings. After controlling for homophily effects, they find that social influence is most potent when earlier ratings by friends are negative. Their study, conducted in the context of books, further reveals that the strength of social influence is conditioned by a variety of factors such as the popularity of the book, stage of the review cycle, experience of the user, and the size of the user's social network. Thus, to the degree that social influence modifies the truthful reporting of experienced product quality, it reduces social welfare by misleading users whose consumption choices are driven by the online reviews.
Researchers have also argued for and demonstrated the existence of temporal effects in ratings. Early experimental work by Schlosser (2005) revealed that the presence of negative reviews results in downward adjustments in product evaluations for future review contributors, causing them to not reveal their true assessments. She attributes such behavior to rater psychology whereby those holding a negative opinion are perceived to be more intelligent and discriminating than those with a positive evaluation. Temporal effects on ratings can be potentially problematic for consumers of the reviews, even when the veracity of the rating is not compromised and it reflects the reviewer's true experience. Arguing that the preferences of those who purchase early are systematically different from late buyers and hence, are a source of bias, Li and Hitt (2008) show that early consumer reviews of books on Amazon.com are overwhelmingly positive, and that subsequent purchases do not make adjustments for this positive bias when drawing inferences about product quality. Self-selection into early purchase caused by ex ante preference differences has implications for future demand. Hu, Pavlou, and Zhang (2006) isolate two biases in online ratings that together result in a J-shaped distribution for product reviews, where an overwhelming majority of ratings are at the most positive end of the scale (5 stars), a small number at the low end (1 star), and very few in between the two extremes. Noting that the shape of this distribution is inconsistent with the expectation of a normal curve with a large number of reviews, they characterize the selfselection biases that lead to the J-shaped distribution as a purchasing bias and an under-reporting bias. The former bias, echoing the notion of heterogeneity in ex ante consumer preferences for products identified by Li and Hitt (2008) , arises because product purchases are made by those with higher product valuations, thereby inflating the average rating for a product. The underreporting bias results from a higher propensity to rate a product amongst consumers that experience extreme satisfaction or dissatisfaction, as compared with those who like or dislike the product only moderately. Hu et al. (2009) conclude that the average rating is not an accurate reflection of true product quality and recommend that consumers examine the entire rating distribution.
To summarize, multiple underlying causes have been implicated in the bias observed in online reviews. Causes of bias include systematic product preference differences among those who elect to provide an online review and those who do not, the social context within which reviews occur, such as the size of an individual's friendship network, and the valence and volume of prior reviews. To an extent, the presence of such bias is inevitable; it is important, however, for researchers and policymakers to understand and circumvent the information loss caused by the bias. The predominant focus in prior work has been on self-selection into providing a review, rather than systematic differences related to the object of the review.
We address this gap by investigating two biases in the context of physician ratings. The first, a selection bias, is related to consumers' choice of what physicians to rate online. Drawing on prior findings and related theory from marketing and psychology, we offer two alternative predictions with distinct underlying theoretical mechanisms for which physicians receive ratings online: a "sound of silence" explanation versus a "naming and shaming" explanation. The second bias we explore is in the choice of what opinions to express online. Labeling this bias the "hyperbole effect," we predict that online reviews of doctors are less informative at the two ends of the population opinions. Specific hypotheses related to these biases are developed below.
"Naming and shaming" vs. "Sound of silence" in physician selection
Consumers volitionally choose to go online and post reviews of their physicians. In the absence of distortions in user choices about which physicians to rate online, those who are rated online should be a representative sample of the underlying population. Yet, prior research in marketing has extensively documented the phenomenon of customer complaining behavior (CCB) in both online and offline settings (Bearden et al. 1979; Cho 2002; Cho et al. 2001 ). Singh et al. (1988) define CCB as "a set of multiple behavioral and non-behavioral responses, some or all of which are triggered by perceived dissatisfaction with a purchase episode." Prior research has also suggested that consumers' propensity to complain is positively associated with their level of dissatisfaction, the importance of the "purchase," the relative benefit-cost ratio of complaining, and their personal competence (Bearden et al. 1979; Cho 2002; Cho et al. 2001; Landon 1977) . Early work by Richins (1983) established that minor dissatisfaction evokes minimal response from consumers, while more severe dissatisfaction was strongly correlated with the consumer response of "telling others."
To the extent that physicians who are lower in quality (as judged by patients) are more likely to evoke dissatisfaction, we can expect more CCB for this group of physicians. Indeed, critics worry that internet rating sites for physicians will become forums for disgruntled patients to vent their anger (McCartney 2009; Miller 2007) . If this "naming and shaming" assumption is correct, then we would expect to see a disproportionately higher number of low quality physicians being rated online. In this instance, the information value of the ratings for consumers is considerably degraded: even if a physician is rated high compared to others, consumers still need to exercise extra caution when making inferences about the quality of that physician, because s/he is the "best of a bad lot." Thus, we predict:
H1a: Online ratings of physicians are subject to the phenomenon of "naming and shaming" in that physicians of lower quality are more likely to be rated online.
Drawing on findings related to CCB, we have argued that dissatisfied patients are more likely to complain, yet research also exists to suggest that consumers are much less likely to speak out about a negative experience (Dellarocas et al. 2008) . Therefore, an alternative possibility exists that online ratings yield a "sound of silence" effect, in which low quality physicians receive fewer ratings because individuals prefer to keep their damaging evaluations private. In their study of eBay's feedback mechanisms Dellarocas and Wood (2008) characterize a reporting bias in which the propensity to reveal private opinion is a function of the outcome experienced by the reviewer. When the outcome is negative, traders choose not to provide low ratings for fear of retaliation from trading partners. Their empirical results show that eBay traders are significantly more likely to report satisfactory outcomes than those that are moderately unsatisfactory.
The limited presence of negative WOM is further corroborated by a number of other studies. Chevalier and Mayzlin (2006) find that consumer reviews of books are strikingly positive at Amazon.com and Barnedandnoble.com. East et al. (2007) review 15 studies and report that positive WOM is more pervasive than negative WOM in every case, with positive ratings/reviews exceeding negative ones by a factor of 3. Hu, Pavlou, and Zhang's (2006) identification of the J-shaped distribution of product ratings is, similarly, an outcome of a disproportionately large number of positive valuations.
A patient could be motivated to remain silent after a dissatisfying experience with a physician for a variety of reasons. It is well recognized that the patient-physician relationship is characterized by substantial information asymmetry where the physician, by virtue of specialized knowledge and training, is the "expert," and the patient has limited understanding of medical procedures, diagnoses, and treatments. Moreover, society accords physicians a unique status because of the nature of their work: saving lives. In such situations, the patient experiences lower power and competence and may attribute the negative experience to their own shortcomings. When such an attribution of blame to self occurs, the patient is less likely to report the negative experience.
Moreover, unlike the consumption of goods such as movies or books where there is typically no personal relationship between sellers and buyers, the patient-physician relationship is generally deeply personal and enduring. Insurance requirements and other logistical barriers create significant switching costs to move from one physician to another. In the patient's mind, public reporting of a negative experience may evoke the fear of physician retaliation, much as in the case of trading partners in an online auction, albeit in a different form. Physicians' reprisals could take the form of, at best, interminable delays in getting the next appointment, or, at worst, litigation for public libel. Indeed, in the highly litigious profession of medicine, the latter form of reprisal is not implausible. Under the assumption of this form of behavior where patients experiencing negative physician encounters volitionally remain silent, we would expect high quality physicians to be more likely to be rated online. Following this logic we predict:
H1b: Online ratings of physicians are subject to the "sound of silence" phenomenon in that physicians of lower quality are less likely to be rated online.
We note that H1a and H1b indicate contrasting predictions, yet it is possible that both biases co-exist. Prior literature or theory has not identified which bias is more dominant. We provide empirical insights into whether the "sound of silence" effect or the "naming and shaming" effect prevails in online physician ratings.
Hyperbole Effects
The second bias arises from the valence of the rating itself. Substantial prior research has documented that individuals are more likely to talk about extreme experiences (Anderson 1998; Dellarocas et al. 2006; Hu et al. 2009 ). Anderson (1998) argued that the marginal utility a consumer derives from WOM activity increases as satisfaction or dissatisfaction with the product increases, resulting in a U-shaped curve for the valence of WOM activity. Empirical data from a cross-cultural study of customer satisfaction in the United States and Sweden supports the posited functional form (Anderson 1998) .
Theoretically, the sharing of positive experiences has been ascribed to a variety of motivations, including altruism (providing useful information for the benefit of others), instrumental motives (the desire to appear well informed), and general cognitive biases that favor positive incidents (Arndt 1967; Dichter 1966; Holmes et al. 1977) . Motivational mechanisms have also been implicated in high levels of dissatisfaction giving rise to negative WOM: Hu, Pavlou, and Zhang (2009) label this "moaning" about the experience. Consumers who are highly dissatisfied may desire to express their hostility (Jung 1959) , or seek vengeance and retribution (Richins 1983) . Cognitively, consumers who are highly satisfied or highly dissatisfied are argued to derive homeostase utility from communicating their experiences: "expressing positive emotions and venting negative feelings" (Henning 2004 ). Homestase utility is predicated on the fundamental tenets of balance theory or homeostasis, suggesting that individuals strive for balance and will seek to restore equilibrium after an "unbalancing experience." Highly positive and highly negative (i.e., extreme) consumption experiences threaten the individual's sense of balance and motivate them to externalize their feelings by expressing opinions about the consumption experience, which will then restore balance. We label this the "hyperbole" effect in online ratings. Since physicians at the ends of the quality spectrum are more likely to evoke extreme opinions or hyperbole, their ratings should contain less information value in reflecting the population opinion. We predict:
H2: Online physician ratings exhibit the "hyperbole effect," such that the online ratings for high-end and/or low-end physicians are less informative in reflecting population opinions than the ratings for average physicians.
Methodology and Results
Data
We construct the data set for empirical testing of the research hypotheses by matching Our sample is constructed to reduce sample heterogeneity and control for potential unobserved variable bias. Because consumer choice related to specialist physicians for particular procedures (such as brain surgery) occurs less frequently, we restrict our sample to general practitioners and family care physicians, whose services are used by all types of patients. The resulting dataset is composed of 1,425 physicians with completed offline surveys, among which 794 physicians who have been rated online. We next introduce our specific variables of interest and discuss their operationalization. The online and population ratings are subjective evaluations of quality from the patient's perspective. As discussed earlier, there is considerable controversy and ambiguity surrounding the measurement of physician clinical quality and the appropriate objective metrics for quality assessment. Lacking appropriate clinical training and expertise required to evaluate the true quality of medical care, it may be the case that consumers' opinions simply reflect the quality of factors such as inter-personal interaction (e.g. bedside manner, communication skills, and punctuality). These assessments constitute useful information for future consumers, and evidence suggests that they guide consumers' choice processes (Fanjiang et al. 2007 ).
Additionally, the patient perspective is being increasingly used as a measure of the quality of care, as reflected in the HCAHPS initiative endorsed by the National Quality Forum 3 .
Commencing Oct 2012, patient satisfaction will also impact Medicare reimbursement (Rangel 2010) . Finally, patients' satisfaction with the relationship between them and their healthcare provider has been argued to have positive effects on clinical outcomes s (Kane et al. 1997 ).
In addition to these variables, we control for a number of physician specific characteristics that may influence both the propensity for the physician to receive an online rating as well as the score received. These include dichotomous indicators physician Gender (equal to one if male and zero otherwise) and physician certification by the state medical board (Board). We control for the number of years the physician has practiced medicine, Experience, which is the number of years elapsed from medical school graduation to the current year. We control for the number of times the physician received endorsements (Peer Rating) from physicians in another Checkbook survey.
Because physician ratings may be influenced by broader market dynamics, we also control for a series of economic factors. These market variables are operationalized at the county level. First among these is the Population of the county in which the physician practices.
Moreover, to account for both the geographic and digital competition the physician is facing, we control for the number of physicians who have received Survey Ratings in the focal physician's ZIP code, Physician Count, as well as the number of physicians in the focal physician's ZIP code who have received an Online Rating, Rated Physician Count. As a physician's patients may also be subject to economic constraints we also control for the Median Income of the populace in the county in which the physician practices. Finally, we control for the level of urbanization in the city in which the physician practices (Urban and Large Urban indicating municipalities with more than three or ten ZIP codes, respectively), as well as dummy variables indicating the metropolitan area (Memphis and Denver; Kansas City serves as the excluded category).
Summary statistics for all variables are available in Table 1 and a correlation matrix is presented in Table 2 .
Analysis Likelihood of Online Rating
Despite the recent rapid growth in online consumer ratings of physicians, a substantial portion of doctors have yet to receive a consumer generated online rating. To the extent that this variation may be driven by factors uncorrelated with physician quality, the absence of a rating would provide no information regarding physician quality. Alternatively, selection into online ratings could reflect the perceived quality of physicians. Hypotheses 1a and 1b offer alternative explanations for online rating selection, where a physician's likelihood of being rated online is affected by her quality.
We first explore our data visually. Figure 1 describes the Survey Rating distributions for physicians with and without online ratings. On average, Survey Rating for physicians with at least one online rating are higher than Survey Rating for other physicians. These descriptive patterns are inconsistent with Hypothesis 1a (naming and shaming), but provide some support for Hypothesis 1b (sound of silence).
Based on the initial evidence from Figure 1 , we formally test Hypotheses 1a and 1b by modeling the probability that a physician receives an online rating as:
.
Where y is an indicator equal to one if a physician is rated and equal to zero otherwise. The variable s 1 is the physician's Survey Rating and s 2 is the number of surveys filled, while X and M are vectors of physician and market characteristics, respectively. The terms {α 1 ,β 1 ,γ 1 ,δ 1 ,θ 1 } are parameters to be estimated and ν represents an error term. The specification in (1) is estimated using logistic regression. The first column in Table 3 reports parameter estimates for Equation 1.
We find that the coefficient of Survey Rating is 0.0135, and significant at p<0.10 level. This suggests that higher Survey Ratings increase the probability of receiving an online rating, therefore supporting the "sound of silence" effect.
In our baseline specification, we assume a linear relationship between Survey Rating and the likelihood of being rated online. We next relax this restriction by allowing the coefficient of Survey Rating to vary across its own distribution. The second specification in Table 4 builds on Equation 1 to allow probability of receiving an online rating to vary across the lower, middle (the excluded category), and upper terciles of Survey Rating. The third model allows the relationship to vary across quartiles of Survey Rating (where the third quartile is the default group).
Interestingly, we see a significant negative correlation between the lowest segment indicator and the probability of being rated online. The lower tercile coefficient is -0.342 (p<0.05), and the lower quartile coefficient is -0.408 (p<0.05). Evaluated at the average values of other variables, a physician in the bottom quartile has 10.1 percentage point reduction in the probability of being rated online compared to an average physician. Moreover, we do not detect a significant difference in the probability of being rated online in other ranges of Survey Rating. In other words, high quality physicians are equally likely as average physicians to be rated online. This provides strong evidence for rejecting Hypothesis 1a and supports the dominance of the "sound of silence" effect.
Value of Online Ratings
Next, we examine how well the online rating reflects the underlying quality perceived by the broader patient population, conditional on the physician being rated online. We first conduct an overall assessment of the correlation between the two types of ratings, and then formally test whether we observe hyperbole effects toward extremes of the quality spectrum. with Survey Rating and that the former do provide useful information for consumers.
We test this hypothesis using a variety of regression techniques. We model the value of
Online Rating (R) as:
We estimate simple, linear, specifications of s 1 , reported in columns 1 through 3 in Table 4 .
Column 1 of Table 4 reports the OLS estimation of Equation (2). We detect a strong and significant correlation between the Survey Rating and Online Rating (p<0.001). A 10-point increase in the Survey Rating (measured on a 100 point scale) leads to 0.469 point increase in the Online Rating (which is measured on a 5 point scale). As the range of Online Rating is truncated and the distribution is skewed we employ alternative estimation techniques. Column 2 reports the results from the Tobit specification. As expected, the magnitude is even greater in the Tobit estimate (0.0732, p<0.01), indicating that Online Rating are informative and reflect population opinions. The ordered logit yields almost the same finding as that of the Tobit model, both in magnitude and statistical significance. This not only confirms the positive relationship, but also suggests that it is reasonable to use the value of the ratings for further analysis; however, these specifications lack the flexibility needed to test for bias or exaggeration in Online Rating. (Robb 1980; Suits et al. 1978) . Linear splines impose a linear specification on parameter values between knots while cubic splines allow for more flexible relationships. 4 These models create local flexibility without creating discontinuities (Kennedy 2003).
; .
Results are presented in Table 5 . Columns 1 through 3 include linear splines of Survey Rating and Columns 4 through 6 use cubic splines. Specification 1 of Table 6 is estimated using OLS and generates separate parameter estimates for three segments of physicians' Survey Rating: the lower quartile, the middle half, and the top quartile. The Survey Rating coefficient is 0.0397 for the lower quartile, and significant at p<0.01 level. This means that a 10-point increase in Survey Rating leads to 0.397 point increase in the Online Rating. Interestingly, the Survey Rating coefficient increases to 0.606 (p<0.01) in the middle half segment. This is 52% higher than the lower quartile Survey Rating coefficient, implying that Online Rating is sensitive to Survey Rating near the middle of the distribution. We do not, however, find a significant correlation between Survey Rating and Online Rating in the highest quartile of Survey Ratings where the coefficient is relatively small (β 1 = 0.0167, p = 0.39), suggesting that online ratings are not sensitive to survey ratings at the high end of the distribution.
Identifying the information value of Online Rating depends on jointly examining the intercept, slopes, and confidence intervals. Consequently, we plot the predicted values of Online Rating for ease of interpretation. In an ideal scenario, Online Rating would accurately reflect Survey Rating; thus, it is useful to compare the predicted values with a theoretical scenario with a linear mapping between the two ratings, which would have an intercept of 1 and a slope of 0.04.
Predicted values and confidence intervals from Column 5, Table 5 are plotted in Figure 3 , along with the theoretical perfect information line. Overall, we find that Online Rating are relatively effective at distinguishing physicians with average quality. However, Online Rating have less discerning power in separating low end physicians, and almost no ability to distinguish quality variation within the top quartile of Survey Rating (where most online ratings are capped at 5 out of 5). With these findings, we find support for H2 and conclude that online ratings of physicians are subject to the "hyperbole" effect.
Robustness
The conclusions drawn in Section 4.2 are subject to a number of assumptions. The relationship between Online Rating and Survey Rating is plausibly affected by several factors;
for example, continuous and Likert scales usually yield different distributions. We therefore performed a wide range of specification tests to explore this issue. First, we employed several different estimation strategies as demonstrated in Table 4 . Second, we estimated alternative spline functions to those reported in Table 5 One remaining concern is that the Online Rating equations suffer from selection bias based on individual consumers' experiences. While Survey Rating may be an unbiased measure of average perceived quality, a consumer's rating is undoubtedly sensitive to their individual experiences. This potential form of selection would be a concern if we were attempting to measure the causal effect of Survey Rating on consumer experiences 5 . Our objective, however, is to measure if, and when, Online Rating accurately reflects Survey Rating, irrespective of the mechanism driving such variation.
Discussion and Conclusion
In this paper, we examined the information value of online physician ratings. Based on a review of related literature, we identified two potential sources of bias inherent in online ratings:
the selection of physicians to rate, and the selection of opinions to express. We then derived formal hypotheses related to these two biases, which were subsequently tested based on a unique dataset of 1,425 primary care physicians in three metropolitan areas: Denver, Kansas City, and
Memphis. This study represents one of the first efforts in quantifying the information value of online ratings.
We have three notable and interesting findings. First, physicians with low survey ratings are less likely to be rated online, thereby supporting the predicted existence of the "sound of silence" effect. Second, we find there is a strong correlation between the online ratings and offline population opinion. Third, the association is strongest in the middle of physician quality spectrum, and less strong in the high end. These results suggest that online ratings are more informative of differences between physicians in average and low quality segments, but online ratings are less effective in differentiating quality among high quality physicians. Given that patients are in greater need of avoiding bad physicians than they are of finding the very best physicians, these findings are encouraging. They suggest that the information provided by online ratings has substantial social welfare implications.
The evidence presented in this study -that online opinions of products do indeed reflect population opinions -constitutes an important contribution to the body of work on online reviews. Although prior work has alluded to the presence of a variety of selection biases in online ratings and digital WOM (Hu et al. 2006; Li et al. 2008) , none of these studies have explored a possible correlation between the opinions of online raters and offline consumers.
While this finding may appear intuitive, the nature of the self-selection issues that have been discussed and empirically demonstrated in the realm of online ratings is sufficient to make researchers question this ex ante assumption.
Theoretically, this study contributes to extant understanding of the information value of digital WOM by proposing two new hypotheses related to the nature of bias in online reviews.
We find evidence of a dominant role for the "sound of silence" effect. While the "sound of silence" has been demonstrated in other contexts, most notably in investigations of the online retailer eBay (Dellarocas et al. 2008) , its existence in environments where agents cannot utilize direct retaliation strategies has yet to be confirmed. One area of fruitful future research stemming from this study may be investigation into the factors that delineate groups exhibiting the "sound of silence" from those which engage in "naming and shaming."
A second theoretical advancement lies in the exploration of the hyperbole effect in the context of online physician reviews. Although prior literature has shown hyperbole to be an effect in online reviews, this study is the first to empirically demonstrate the effects of hyperbole on the ability of consumers to delineate quality. We were able to identify the areas in the distribution where consumers may glean the most and the least actual value and insight from the differences in ratings. In this respect we have not only demonstrated the value of the online rating but also identified where ratings provide limited information content in distinguishing physicians from one another. Two major implications for policy and practice follow from our findings. First, as noted previously, the AMA and other physician advocacy groups have been the staunchest opponents of the online aggregation of physician ratings. While their concerns that patients lack the training to evaluate physician quality remain a matter of speculation, as well as an avenue of future investigation, the concern that ratings aggregation sites will become digital soapboxes for disgruntled patients appears to be unfounded. Not only are the user ratings overwhelmingly positive on these websites, but the reflection of offline population opinion in the online reviews suggests that these reviews are informative.
The second implication for policy, which becomes apparent from this investigation, is the pressing need for a national repository for online ratings. Much of the recent discourse in healthcare transformation is focused around the notion of a patient-centric healthcare system (Krist et al. 2011) , in which the patient is viewed as an informed and engaged actor in managing his/her healthcare and well-being. To the degree that such a vision demands transparency and easily accessible information to drive patient decision making in consequential areas such as physician choice, and because studies suggest that patients value the opinions of others more than clinical quality measures (Fanjiang et al. 2007) , repositories can facilitate important comparisons and trade-offs. These data may be complementary to clinical quality measures proposed for the PQRS.
Two limitations of this study represent fruitful opportunities for future work. First, our findings are based on primary care physicians, and therefore one should exercise caution in generalizing results to other services. Extending this study to different specialties in healthcare services such as cardiologists and obstetricians would provide evidence on the robustness of our findings. Extending the study to additional professional services would further illuminate the existence and nature of biases in online ratings of this important category of services.
Second, this study investigates the bias associated with online ratings by comparing them with those provided in offline surveys of patients. The offline survey was conducted using a scientific approach with sufficient sample size and reasonable response rate, thereby constituting a reasonable basis for identifying bias introduced by the online setting. Nevertheless, survey opinions might be subject to the same selection biases discussed in Section 3. We note that if this were indeed the case, the presence of offline bias would have tended to eliminate or at least diminish difference between the online ratings and offline surveys. The fact that we observe difference makes our findings more robust. Finally, patient surveys provide important insights into physician quality and are increasingly emphasized in recent policy initiatives as important indicators of physician performance. A natural extension of this work is to examine the relationship between online ratings and physicians' clinical quality, which we leave to future research.
In conclusion, this paper provides one of the first empirical studies of the information value of online ratings in reflecting the underlying population opinions. We advance knowledge of the nature of the online ratings by quantifying the biases associated with the propensity of being rated online, as well as the value of the rating received. If the growth and effects of online reviews in other product categories are a good bellwether, we can only expect consumers to increasingly turn to the internet for making choices related to professional services. And as internet penetration increases, consumer generated ratings will likely continue to grow and become an even more prominent information channel in critical sectors of our society such as healthcare. This naturally raises the question of what type of caution consumers need to exercise when making consumption choices based on online reviews. The findings from this study yield important insights into how and when online ratings can be used to make physician selection decisions that are more informed. Based on Tobit estimates with cubic splines (Column 5, Table 5 ). Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1
